e paper presents a framework for the seismic analysis of the coupled high-speed train-bridge with the isolation of friction pendulum bearing (FPB). Taking the rail irregularities as system's self-excitation with the seismic as external excitation, the equation of motion of the train-bridge coupled system under earthquake is built up. A five-span simple-supported railway bridge is taken as an example, and the computer simulation method is used to establish the dynamic model of the train-bridge system with the isolation of FPB under earthquake. A train composed of eight 4-axle coaches of 35 degrees-of-freedom (DOF) is considered, and FPB is simulated by a force element which includes both nonlinear spring and damper characteristics and a hysteresis function. Backward differentiation formula and the mode superposition method are adopted in the calculation of coupling vibration of the train-bridge system. e dynamic responses of the train running on the bridge with the isolation of FPB and with the common spherical bearing (CSB) under earthquake are studied. e results show that FPB with a friction coefficient no less than 0.05, instead of CSB, can reduce the dynamic response of the train greatly; the faster the train speed and the higher the pier, the greater the effect of FPB. However, FPB may increase the dynamic response of the train when the seismic intensity exceeds 0.14 g.
Introduction
By the end of 2018, China has over 29,000 km of high-speed railway (HSR) lines in service [1] . With the upgrade of railway design standards, elevated bridges stretching tens of kilometers are built to ensure the smoothness of the track and the safety and stability of running trains, which greatly increased the probability of trains traveling on the bridge when earthquakes occur. Even earthquakes that do not threat the safety of bridges can jeopardize the operation of trains [2] . As shown in Figure 1 , in the short decades of HSR, there have been three train derailments due to earthquake action when the trains are running on bridges [3] [4] [5] . e safety of HSR trains traveling on bridges during earthquakes is an issue of great study interest in many countries, especially those in earthquake-prone regions, such as China and Japan. However, most of the previous studies have been focused on the influence of bridge parameters on the safety of trains running on bridges under earthquake [6, 7] or the effect of seismic intensity on the safety of trains running on bridges [8] [9] [10] and without considering the isolation of FPB. FPB was put forward by Zays, professor of the University of California, in 1985. FPB is widely used on bridges, thanks to their isolation period independent of the superstructure mass, their high dissipation and recentering capacity, and their longevity and durability characteristics [11, 12] . e seismic performance of FPB has been investigated in many experimental and numerical studies [13, 14] . Most of these studies have been concerned on highway bridges rather than high-speed railway bridges [15] [16] [17] or the seismic response of bridges isolated by FPB under earthquake without the trains [18, 19] . Very little information is publicly available of seismic responses of trains traveling on the bridge with the isolation of FPB under earthquake action. To ensure the safety of running trains, such as a complicated dynamic interaction among vehicles, seismic and bridge with the isolation of FPB should be carefully and timely investigated.
Based on the multibody dynamics theory and the finite element method, a three-dimensional train-bridge interaction model considering the isolation of FPB under earthquake is present in this study. A five-span simply supported girder bridge and a group high-speed train consisting of eight vehicles are selected as study objects; the influence of train speed, seismic intensity, and pier height on the dynamic responses of train running on bridge with the isolation of FPB or with CSB under earthquake is calculated. e sensitivity of the friction coefficient and the curvature radius of FPB to the dynamic response of the trains are analyzed. e main goal of this study is to clarify the dynamic characteristics of trains running on the bridge with the isolation of FPB under earthquake and provide some useful values for the seismic isolation design of FPB of the simply supported girder bridge in HSR.
Model of the Coupled System of Train-Bridge

Model of the Train.
e train subsystem model is composed of several locomotives and passenger cars. Each vehicle model is a multi-degrees-of-freedom vibration system composed of a car body, two bogies, four wheel sets, and the spring-damper suspensions [20] . e car body and the bogies are linked by the second suspension system, and the bogies and the wheels are linked by the primary suspension system. Each rigid body has five DOFs, including lateral swing, vertical floating, rolling, yawing, and pitching movements. In total, each single vehicle has 35 DOFs as shown in Figure 2 . e following assumptions are adopted in modeling the vehicle subsystem:
(1) e car body, bogies, and wheel sets are regarded as rigid components, neglecting their elastic deformation during vibration (2) e vehicle element is a linear system, namely, the mass, damping, and stiffness matrices of the vehicle element are regarded as constant matrices in the analysis process ( e simply supported railway bridge is composed of piers, girders, rails, and accessory structures. Spatial beam element model is used for girders, rails, and piers, and the rails are regarded as Euler beam supported by discrete elastic points. e connection between the track and the main girder is regarded as the fastener force, which is considered in the form of a spring-damper e stiffness of the pier foundation is superimposed on the corresponding joints. e damping of the bridge system is considered as Rayleigh damping; generally, the corresponding damping ratio of low-order frequency is 2%∼5%. e mass of accessory structures is added into the mass of the girders.
Model of the Bearing
(1) Common Spherical Bearing. Spherical steel bearings are commonly used in railway bridges. e rigidity of the bearings is large and can meet the rigidity requirements of railway bridges very well. e degrees of freedom in the movable direction of the spherical steel bearing are released, Advances in Civil Engineering and the degrees of freedom in the nonmovable direction are realized by master-slave restraint.
(2) Model of FPB. e FPB, as shown in Figure 3 , is developed on the basis of spherical steel bearings; it is a vibration isolation device which dissipates energy by friction [21] . Based on the principle of pendulum, a simple pendulum motion occurs in the upper structure through the motion of spherical friction pairs, and energy is dissipated by friction damping during the swing process. e restoring force provided by the swing device can make the bearing return to the central position. e schematic diagram of FPB is shown in Figure 4 . e restoring force F of the bearing can be approximately expressed as
where W is the vertical load supported by the bearing, D is the horizontal displacement of the bearing and is equal to the relative horizontal displacement between the upper and lower bearing plates for a FPB, and θ and _ θ are sliding angle and sliding angular velocities, respectively; R is the curvature radius and is the distance between the centers of the spherical rotation surface and the spherical sliding surface, μ is the friction coefficient of the friction pairs on the sliding spherical surface, and N is the compressive force between the upper plate and the slider and is perpendicular to the spherical sliding surface and points to the center of the slider. sgn _ θ is the sign function given as
In practical engineering, when θ < 5 ∘ , equation (1) can be written in a simplified form as
e lateral stiffness of the bearing K fps is almost unchanged after the surfaces begin to slide and is given as
As displayed in Figure 5 , the restoring force F in the loaddisplacement hysteresis curve model of FPB can be regarded as the effect of a nonlinear spring combined with a constant hysteresis force. e parameters of the nonlinear spring and the constant hysteresis force can be given as 4 Advances in Civil Engineering
where D y is the initial yield displacement of the bearing, ε v is the sliding velocity corresponding to the D y of the bearing, v is the sliding velocity, K 1 is the stiffness of the spring, F hys is the constant hysteresis force, D d is the ultimate displacement of the bearing, K i is the initial stiffness of the bearing, and K eff is the equivalent stiffness of the bearing. Seismic energy is dissipated by the friction action of the friction pairs. e capacity of seismic energy dissipation is evaluated by the factor of the effective damping ratio β eff :
2.3. Model of Rail Irregularity. Rail irregularities are a major source of train vibrations and play a very important role on the dynamic interaction analysis of the train-bridge system, which may enlarge the train's derailment during seismic loading. At present, based on the statistical analysis of a large number of measured data, scholars have fitted the power spectral density (PSD) functions of various types of rail irregularities, and Zhai [22] analyzed and compared the typical rail spectra at home and abroad. e rail irregularity spectra in German high-speed railways are currently applied in European railways, which are also adopted in China to analyze the running stability of trains according to the overall technical conditions for high-speed trains. e German track irregularity spectra are expressed as where S v (Ω), S a (Ω), and S g (Ω) are the PSD functions of vertical profile, alignment, and gauge irregularities (m 2 /(rad/m)) and S c (Ω) is the PSD function of cross-level irregularity (1/(rad/m)); Ω c , Ω r , and Ω s are the cutoff frequencies (rad/m), A a , A v , and A g are the roughness coefficients (m 2 ·rad/m), b is the half of the distance between the right and left rail centers, and Ω is the spatial frequency of rail irregularity (rad/m).
Coupled System of Train-Bridge under Earthquake
3.1. Modification of Earthquake Excitation. In the calculation of spatial vibration of the train-bridge interaction system under seismic load, besides the acceleration time history of the seismic wave, the velocity and displacement time history of the seismic wave should also be known in advance [23] . However, at present, the velocity and displacement time history of the seismic wave are obtained by integrating the acceleration of the seismic wave. Some low-frequency noise makes the seismograph deviate in recording the acceleration of the seismic wave. e displacement time histories will drift when it is obtained directly by quadratic integration of the acceleration time histories. Using such displacement time histories to calculate the seismic response will lead to distortion of calculation results [24] . On the basis of predecessors' study on the time-domain optimization Advances in Civil Engineering correction algorithm, the paper adopted the least square method to modify and fit the acceleration time histories [25] . Shown in Figure 6 are the original acceleration, modified acceleration, velocity, and displacement time histories of El Centro seismic wave, which illustrate that the velocity and displacement are approaching zeros at the end of the earthquake.
Equation of Motion of the Train-Bridge Coupling System
under Earthquake. In the vibration analysis of the trainbridge interaction system under seismic loads, the train and bridge are regarded as an overall superstructure. e finite element method is used to establish the dynamic model of the bridge structure, the components of the bridge structure are discretized reasonably at first, and the appropriate displacement mode is selected to calculate the potential energy and strain energy of each element. According to the principle of total potential energy with stationary value in elastic system dynamics and the "set in right position" rule for formulating system matrixes [26] and taking the rail irregularities as system's self-excitation source with the seismic as external excitation, the coupling vibration equation of the train-bridge system under earthquake is built up. e seismic ground motions at various supports of the bridge are considered to be nonuniform. e equation of motion of the whole train-bridge system can be divided into blocks according to the nonsupporting nodes of the structure and the supporting nodes of the ground, given as [27] .
where M, C, and K are the mass, damping, and stiffness matrices, respectively; subscripts s and b denote the superstructure and bridge supports, respectively; and € u, _ u, and u are the absolute acceleration, velocity, and displacement vectors, respectively. F s is the external load vectors of the superstructure, and F b is the reaction vectors of the supports.
When equation (8) is solved using the direct solution method, the first term on the left side of the equation is expanded, and the motion equations of the train-bridge subsystem in the absolute coordinates can be written as
Equation (9) can be written as Advances in Civil Engineering 7
where F eq is the seismic loads and € u b , _ u b , and, u b are acceleration, velocity, and displacement vectors of the seismic.
Usually, the influence of the term with M sb is significantly smaller than that with K sb , and the influence of the term with C sb is also small and difficult to be determined, so this term with M sb and C sb is not taken into account. en, equation (11) can be written as
3.3. Criteria for Train Running Safety. In the current Chinese codes, the criteria for evaluating train running safety include derailment factor, offload factor, and lateral wheel-rail force [28] . e three train running safety indices can be obtained by in situ measurements or from train-bridge coupling dynamic analysis.
Derailment Factor.
Derailment factor is an index to evaluate the safety of the vehicle wheel against derailment.
Derailment factor is defined as Q/P, the ratio of the lateral force to the dynamic wheel load. e maximum wheel derailment factor (Q/P) from all the wheel sets of a train is calculated as [29] 
where Q i and P i are the horizontal and vertical forces of the ith wheel set and n means the total number of wheel sets for the train. e limits for derailment factor are given in various countries as follows: (1) Western Europe: Q/P < 0.8, (2) Japan: Q/P < 0.8, (3) North America: Q/P < 1.0, and (4) China: Q/P < 0.8. In this study, the China standards are adopted to evaluate the train derailment factor.
Offload Factor.
e offload factor is used to check whether the vehicle will derail due to overlarge offload at one side of the wheel set. It is adopted as an important index in evaluating the vertical dynamic performance of the trainbridge system. Offload factor is defined as ΔP/P, the ratio of wheel load reduction at the offloaded side to the average load of the two wheels, in which Advances in Civil Engineering
where P 1 and P 2 are the static loads of the wheels on both sides of the train, respectively. When the train is unbiased, P � P 1 � P 2 , while P i is the wheel load on the unloading side of the train. e limits for offload factor of HSR in China are given as ΔP P ≤ 0.65, hazard limit, ΔP P ≤ 0.60, allowable limit.
e limit for offload factor adopted in this study is ΔP/P ≤ 0.60.
Lateral Wheel-Rail Force.
e criterion for wheel-rail lateral force is recommended to evaluate whether it will enlarge the gauge or seriously deform the track. e lateral wheel-rail force can be interpreted as the sum of the wheel lateral forces on both sides of the wheel set. China's standard limits for lateral wheel-rail force are given as
where Q is the lateral wheel-rail force and P 0 is the static wheel-rail load of the wheel set and the unit is kN. In this study, Q ≤ 62 kN is adopted as the limit value of the lateral wheel-rail force.
Realization of Numerical Simulation
Train-bridge coupling vibration involves two subsystems of the vehicle and the bridge. In the preprocessing of ANSYS, the bridge model can be saved as a cdb file that only contain the node information of elements, and the subfile that contains the stiffness matrix and mass matrix information of the bridge is generated by the substructure analysis. en, the subfile is imported into SIMPACK to generate the (.fbi) file of the flexible body which can be used to realize the girder-rail relationship with rails. e simulation of FPB is realized through the No.104 force element of SIMPACK which has the characteristics of nonlinear elasticity as displayed in Figure 5 , and the CSB is simulated master-slave restraint in ANSYS. In the SIMPACK, the rigid bodies and suspension systems of the train model are simulated by the bodies, hinge joints, force element, and other elements; the flexible rail model is established by the flexible rail information file invoking and fitting the standard input file of the flexible body, and the rail irregularity is defined by incentive factors and generated by the track module; and the seismic excitation is realized by inputting the u-vectors of the acceleration, velocity, and displacement time histories of the seismic wave to a special virtual rigid body with the 35th hinge that is adopted to simulate the pier foundation. e dynamic interaction between the vehicle and the bridge is realized by data exchange at discrete information points of the wheel-rail contact surface [30] .
In the calculation of coupling vibration of the trainbridge system, the vehicle and the bridge are regarded as two systems and solved in turn iteration in the time step. e absolute error of the solver is 1 × 10 − 5 , and the calculation time step is 0.0001 s. e motion equations of the rigid body model and the flexible body model are solved by different algorithms. e rigid body model is solved by the backward differentiation formula, while the flexible body is solved by the mode superposition method. In this paper, Hertz nonlinear contact theory is used to calculate the wheel/rail normal force, and the simplified Kalker creep assumption is used to calculate the wheel/rail tangential creep force [31] .
Case Study
Parameters Used in Calculation.
Multispan simply supported girder bridges are often constructed in HSR. A 5 × 32 m double-track PC box-girders with piers of 16 m in height is selected in this case study, as shown in Figure 7 . e absolute global coordinate system is adopted, in which the x-axis is defined as the longitudinal direction of the bridge, the y-axis the lateral direction, and the z-axis the vertical direction. e length of each box-girder is 32.6 m, the width of the girder is 13.4 m at the top and 5.75 m at the bottom, and the height is 3.05 m. e piers have a full-height hollow rectangular cross section of 6.8 m (lateral bridge direction) × 3.3 m (along the bridge direction), with 0.5 m wall thickness. C50 concrete and C30 concrete are adopted for the girders and piers, respectively. e load of accessory structures is 184 kN/m. e damping ratio of the bridge structure is assumed to be 2% for all interested modes. e bridge is equipped with FPBs for seismic isolation. e modal characteristics of the bridge are analyzed, and the first 300 modes are used in the dynamic analysis, and the integration time step is 10 − 4 s. 
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Advances in Civil Engineering e JIS-60-kg type rail with a length of 743.4 m is adopted in the case. e lateral stiffness, vertical stiffness, lateral damping, and vertical damping of fasteners are 0.6 × 10 8 N/m, 1.2 × 10 8 N/m, 1.2 × 10 5 N·S/m, and 1.5 × 10 5 N·S/m, respectively. In this study, the German low disturbing track spectra are selected as the rail irregularities [32] , with wavelengths ranging from 1 m to 120 m and a space step of 0.2 meters, as shown in Figure 8 . e frequency number of the track spectrum is set to 2000, and the frequency range is 100-200 Hz.
As shown in Figure 6 , the modified El Centro seismic wave is applied to the pier foundation as lateral earthquake actions, and half magnitude of them are as the vertical earthquake actions [28] . e seismic intensity is described by the amplitude of lateral bridge acceleration, and the seismic intensity is 0.1 g (g is the gravity acceleration, g � 9.8 m/s 2 ). It is assumed that the earthquake occurs when the train moves just onto the bridge. e ICE3 high-speed train is used in the case [28] , which consists of eight vehicles, with the first, third, fifth, and seventh vehicles being motor cars (MC) and the second, fourth, sixth, and eighth vehicles being trailer cars (TC). e length of each car is 25 meters. e main parameters of the vehicle are shown in Table 1 [33] . e trains run at a speed of 300 km/h. Each vehicle is treated as an independent dynamic system without modeling the coupling device, considering the analytical conditions that the train is running on a straight line and the inertia force due to the ground motion is simultaneously acting on the cars without phase difference.
Characteristic of Seismic Isolation of FPB.
To analyze the characteristic of seismic isolation of FPB, the dynamic responses of the coupled train-bridge with the isolation of FPB and CSB are calculated. According the "TJGZ-FPB" that has been applied in engineering at present [34] , the parameters of FPB in the case are given as the friction coefficient is 0.03, and the curvature radius is 1.5 m. Displayed in Figure 9 are the derailment factor, offload factor, and lateral wheel-rail force time histories of the first wheel set of the train running at 300 km/h, in which 3.18 s is the time when the train just got on the bridge.
As illustrated in Figure 9 , when the train arrived on the bridge, FPB increased the derailment factor of the first wheel set of the train from 0.146 to 0.354 at the moment of the earthquake occurred, which is about 2.21 times of that of CSB and increased the lateral wheel-rail force of the train from 19.8 kN to 45.0 kN, which is about 2.27 times of that of CSB. Although FPB increased the derailment factor and lateral wheel-rail force of trains, the value still meets the limits of code. ere is no significant difference between FPB and CBS in the offload factor of the train.
Sensitivity of FPB Parameters on Dynamic Responses of the Train.
As mentioned previously, the key factors that affected the seismic performance of FPB are the friction coefficient and the curvature radius. In this section, with the same bridge, seismic intensity, and rail irregularity parameters given in Section 5.1, a further calculation is performed by extending the range of friction coefficient and curvature radius of FPB to study the sensitivity of them on dynamic responses of the train under seismic loads. e maximum values of running safety indices, which are taken from the corresponding time histories of all wheel sets during passage of the train on the bridge, are used to compare and evaluate the safety of trains. e dynamic responses of the coupled vehicle-bridge with CSB under earthquake are also calculated.
Sensitivity of Curvature Radius.
e curvature radius range is extended from 1 m to 4 m with an interval of 0.5 m, and the friction coefficient remains unchanged at 0.03. Figure 10 are the distribution curves of the running safety indices of trains versus curvature radius of FPB. e horizontal dashed lines represent the related allowance values.
Displayed in
As illustrated in Figure 10 , the derailment factor, offload factor, and lateral wheel-rail force of the train change very slightly along with the increase of curvature radius of FPB. e results illustrate that the dynamic responses of trains are insensitive to the curvature radius of FPB. FPB with a friction coefficient of 0.03 increased the dynamic responses of the train. e maximum derailment factor, offload factor, and lateral wheel-rail force of the train increased to 4.61 times, 1.71 times, and 2.65 times of those of CSB, respectively. e maximum offload factor and lateral wheel-rail force of MC exceed the allowance values, other dynamic indexes of trains below the allowance values.
Sensitivity of Friction Coefficient.
e range of the friction coefficient is 0.02 to 0.08 with an interval of 0.01, and the curvature radius is kept at 1.5 m. Displayed in Figure 11 are the distribution curves of the running safety indices of trains versus friction coefficient of FPB. e horizontal dashed lines are the related allowance values.
As illustrated in Figure 11 , the derailment factor, offload factor, and lateral wheel-rail force of the train decreased rapidly along with the increase of friction coefficient of FPB below 0.05, and those of trains change very slightly when it exceeds 0.05. When the friction coefficient of FPB is less than 0.05, the dynamic responses of trains exceed the allowance values, which is dangerous to the safety of running trains. When the friction coefficient reaches 0.05, FPB can reduce the dynamic responses of trains, and the maximum derailment factor, offload factor, and lateral wheel-rail force of the train decreased to 19%, 61%, and 27% of those of CSB, respectively.
ese results illustrate that the dynamic responses of the train are sensitive to the friction coefficient of FPB. For the sake of train safety, the friction coefficient of FPB should be more than 0.05.
Analysis of Influencing Factors of Dynamic Response of
Trains. Section 5.3.2 shows that the friction coefficient of FPB should be more than 0.05 in seismic isolation design of the simply supported girder bridge of HSR. In this section, with the same bridge and rail irregularity parameters given in Section 5.1, the friction coefficient and curvature radius of FPB are given as 0.05 and 1.5 m, respectively. e dynamic response of the high-speed train traveling on the bridge with isolation of FPB or with CSB under earthquake is investigated by considering different train speeds, seismic intensities, and pier heights.
Influence of Train Speed.
e parameters of the bridge, FPB, rail irregularity, seismic intensity, and the ICE3 train are kept unchanged; the train speed is varied from 200 km/h to 350 km/h with an interval of 25 km/h. e distribution curves of the running safety indices of train speed are depicted in Figure 12 , in which the horizontal dashed lines represent the related allowance values. As illustrated in Figure 12 , whether CSB or FPB is considered, the derailment factor, offload factor, and lateral wheel-rail force of the train increase slowly along with the increase of train speed below 300 km/h and those of the train increase rapidly when it exceeds 300 km/h. When the train speed is more than 325 km/h, the maximum lateral wheel-rail force of the train exceeds the allowable value. e derailment factor and lateral wheel-rail force of the train can be reduced by FPB replacing CSB. Generally, the faster the train speed, the better the effect of FPB. When the train speed reaches 350 km/h, the maximum derailment factor and lateral wheel-rail force of train are reduced to 43% and 52% of those of CSB, respectively. FPB can reduce the offload factor of trains with the train speed below 325 km/h; however, FPB will increase the offload factor of trains when it exceeds 325 km/h.
Influence of Seismic Intensity.
Keeping the parameters of the bridge, FPB, rail irregularity, seismic intensity, and trains unchanged and the trains to run at 300 km/h, the influence of seismic intensity on dynamic responses of running trains is analyzed by considering the seismic intensities from 0.06 g to 0.20 g with an interval of 0.02 g. e distribution curves of the maximum running safety indices of trains versus seismic intensity are depicted in Figure 13 , in which the horizontal dashed lines are the related allowance values.
As illustrated in Figure 13 , the dynamic responses of running trains increased along with the increase of seismic intensity whether CSB or FPB is considered. When the seismic intensity is below 0.14 g, after FPB instead of CSB, the derailment factor, offload factor, and lateral wheel-rail force of the train increased slowly along with the increase of seismic intensity, and the maximum derailment factor, offload factor, and lateral wheel-rail force of MC are reduced to 25%, 83%, and 40% of those of CSB, respectively. FPB has no obvious effect on reducing the dynamic responses of TC. When the seismic intensity exceeds 0.14 g, the dynamic responses of the train increased rapidly and exceed the allowable value; FPB increased the dynamic responses of the train and raised the risk and probability of derailment of the train. Figure 14 are the distribution curves of the maximum running safety indices of trains versus pier height by considering pier heights varied from 8 m to 24 m with an interval of 2 m, in which the horizontal dashed lines represent the related allowance values. e parameters of FPB, rail irregularity, and the ICE3 train remain unchanged, the seismic intensity is 0.1 g, and the train runs at 300 km/h. From the figures, it can be seen that when CSB is considered, the derailment factor, lateral wheel-rail force, and offload factor of the train increased along with the increase of pier height, especially when the pier height exceeds 18 m, the dynamic response of the train increases rapidly. When pier heights varied from 8 m to 24 m, the value of dynamic response of trains is all below the allowable value. Dynamic response of the trains can be reduced by FPB instead of CSB; the higher the pier, the better the effect of FPB. When the pier height reaches 24 m, the maximum derailment factor and lateral wheel-rail force of the train are decreased to 25% and 50% of those of CSB, respectively. FPB has no obvious effect on reducing offload factor of trains.
Influence of Pier Height. Depicted in
Conclusion
e following conclusions can be drawn from the study:
(1) In the calculation of coupling vibration of the trainbridge system, the vehicle and the bridge are regarded as two systems and solved in turn iteration in the time step. e motion equations of the rigid body model and the flexible body model can be solved by the backward differentiation formula and the mode superposition method, respectively. (2) e friction coefficient of FPB has an obvious effect on the dynamic responses of the running train. e dynamic responses of the train decrease rapidly along with the increase of friction coefficient of FPB below 0.05, while those of the train change very slightly when it exceeds 0.05. For the safety of train operation, it is suggested that the friction coefficient should be more than 0.05 in the design of FPB for the high-speed railway simple-supported girder bridge. (3) e dynamic responses of the train are insensitive to the curvature radius of FPB. e curvature radius of FPB can only be selected according to the stiffness requirement of the bearing. (4) e derailment factor, lateral wheel-rail force, and offload factor of trains increased along with the increase of the train speed, the seismic intensity, and the pier height. FPB can reduce the dynamic response of the train; the faster the train speed and the higher the pier, the greater the effect of FPB. However, FPB may increase the dynamic response of the train when the seismic intensity exceeds 0.14 g.
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